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I H T R 0 B U C T I 0
Eysentery I s  a very ancient d isease , our knowledge o f i t  
dating back t© the time o f H ippocrates. I t  has played a great 
paabt in  most o f  the campaigns o f h is to ry , and In the recent 
Great War i t  was extremely r i f e  in  the near Eastern theatre^ 
p a rticu la r ly  in  the Dardanelles.
The present th e s is  deals only with B ac lllary  Dysentery 
and g iv e s  an account o f a se r ie s  o f experiments undertaken 
by the author with the object o f  in v estig a tin g  the to x ic  
p rop erties' o f the B a c illu s  o f Shiga" and producing a prophy­
la c t i c  vaccine against in fec tio n  by th is  organism. These 
experiments were performed In the vaccine department of the 
Royal Army Medical C ollege.
A vaccine o f th is  nature would be of considerable value 
in  countries where b a c llla ry  dysentery i s  endemic and I f  a 
statecdf: active  immunlty against th is  d isease can be produced, 
would provide a means of pro te c t in g ;Europe an troops prior to 
th e ir  entering a zone where the condition I s  prevalent or 
the san itary condition such that In fection  i s  probable.
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HISTOHICAL OUTLIEE.
During the la s t  few years many attem pts have been made 
to produce a vaccine o f th is  nature, the most su ccessfu l 
being Gibson*s sero-vaccine. This vaccine has not however 
come in to  extensive use owing to i t s  under ta in  keeping 
q u a li t ie s  and the fa ct that the lo c a l and co n stitu tio n a l 
rea ctio n  follow ing Inoculation Is  frequently severe.
A review o f the extensive lite r a tu r e  dealing with the 
to x ic  action  and other an tigenic prop erties o f  the B a c illu s  
dysenterlae Shiga revea ls  the fa c t , that B a c te r io lo g is ts  
are not by any means in  agreement as to the method in  which 
the organism produces i t s  tox ins and i t s  p ath olog ica l e f f e c t s
The e a r lie r  works including Todd, Doerr, Conradl, V a ll-  
lard , and Dopter seem to favour the view that the soluble  
tox in  o f  the Shiga b a c illu s  i s  o f the nature o f  an ex o -to x in .
The la t e s t  research on the subject which has been 
published in  January 1920 by O llteky and K llg ler  In d icates
that two d is t in c t  tox ins are produced by the organism, 
ex o -to x in  and an endo-toxin which d iffe r  in  th e ir  p ath ologi­
ca l a c tio n .
In 1903 Todd proved conclusively  the fa ct that the 
In jectio n  o f the k i l le d  organism produced the same p ath o log i­
ca l e f f e c t s  as a l iv in g  culture would do. He further iso la te d  
the tox in s by f i l t r a t io n  o f a lk a lin e peptone broth cu ltures
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and found that th is  f i l t r a t e  produced diarrhoea, and paraly­
s i s  in  a sim ilar manner to the l iv in g  or k i l le d  b a c il lu s .
He considered the toxin to be a true extra  b a c llla ry  poison  
excreted  by the organism and not an 1n tra -b a c illa ry  sub stance 
extracted  from the bodies o f the b a c i l l i  by the action  o f  
the a lk a lin e  broth. In confirmation o f th is  theory he ob­
served that the a n ti-to x in  only p ro tects  against the toxin  
and. not against the l iv in g  or dead b a c i l l i .
In 1907 Doerr (Das Dysenterie toxin , Jena 1907) observ­
ed that the toxins may be obtained in  the dry sta te  by pre­
c ip ita t io n  with ammonium sulphate and re so lu tio n  o f the 
p rec ip ita te  in  water.
01 i t  sky and K llg ler  in  th e ir  paper on the Toxins and 
a n ti- to x in s  o f B a c illu s  dysenterlae Shiga, in  the Journal 
o f Experimental Medi cine. J a n .ls t .I9 2 o  repeat Todds work 
and confirm h is  observations to a certa in  extent but pro­
duce experimental evidence o f the ex isten ce o f an endo­
tox in  depending on the p r in c ip le s  o f a u to ly s is  or d isso lu ­
t io n  o f  the b a cter ia l c e l l  w ith lib e r a tio n  o f i t s  in tra ­
c e l lu la r  components.
This endo-toxin they found^on in jec tin g  su b-leth a l 
doses in  the rabbit, to produce mucoid b lood-tinged  s to o ls
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but no disturbance o f the sensory or motor function* I t  
was found to be thermostable In comparl son with the exo- 
toxin^ re qui ring 85* to 90* C. exposure for one hour to 
destroy I t s  p rop erties. The method o f production o f the 
endo-toxin  i s  to wash o f f  a 24 hours* growth o f  Shiga 
b a c i l l i  on so lid  media with sa lin e , then to incubate th is  
suspension for two days at 37*0. A subsequent f i l t r a t io n  
i s  carried  out through a B erk field  candle and in  order 
to separate i t  from the exo-tox in  the f i l t r a t e  i s  heated  
to 8 0 ’c . for one hour. With reference to the exo-tox in  the 
authorsfind that there i s  no to x ic  production in  the acid  
phase in  the broth medium but that i t  appears in  the a l ­
k a lin e  phase and increases th erea fter . Aeration favours 
the y ie ld ,a n d  the removal o f muscle sugar does not in fluence  
the to x ic ity *
The in te s t in a l symptoms produced by the exo-tox in  are 
in con sp iclou s. The central nervous system being ch ie fly  
a ffec ted  and the postmortem findings are described as v i s i ­
b le  hemorrages into the grey matter o f the medulla andA A
cerv ica l cord. M icroscopically the appearances are describee 
as showing a noticeable in f i l t r a t io n  o f small round c e l l s  
about the a r te r io le s  and c a p il la r ie s . There beings a lso  
granular degeneration or caryorrhexis o f the c e l l s  o f  the 
gray matter*
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In an a r t ic le  on the Pathogenesis o f  experimental c é l i -  
t i e  and the r e la t io n  o f c o l i t i s  In animals and man, s .J lex n er  
s ta te s  that the shJga 'b a cilli rea d ily  produce a soluble tox in  
a lso  that they read ily  undergo l y s i s  and lib e r a te  a to x in .
He does not further d iffe r e n tia te  between these to x in # b u t  
con trasts these p roperties with certa in  observations on the 
Plexner group o f dysentery b a c i l l i .  The experimental, work 
fin d in gs are in tere stin g  in  the l ig h t  o f the th eo ries  o f  other  
observers.
Plexner sta te s  that in  rab b its and probably in  man the 
tox in  i s  excreted c h ie f ly  by the large in te s t in e  which being  
injured by the-'act o f elimina.tion reacts by the development 
o f inflammation. This ch a ra cter istic  action  o f the toxin  
depends on the in te g r ity  o f the b il ia r y  secretion  in to the 
in te s t in e  because when b ile  Is  prevented from entering the 
bowel by a r t i f i c ia l  means such as the establishm ent o f a 
b il ia r y  f is tu la ,  no le s io n s  o f the large in te s t in e  appear.
This however, does not prevent le th a l e f fe c t s  which are caused 
by the tox in  as a nerve poison. Dysentery tox in  i s  destroyed  
by p ep tic  d igestion  and more slowly by try p tic  d ig estio n .
The above notes from recent lite r a tu r e  on the subject 
summarises the main views that are held  concerning the tox ins  
o f  the Shiga b a c illu s .
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EXPERIMENTAL WORE.
In order to find out i f  the observations o f  O litsky  
8.nd K liger would be confirmed on using the ava ilab le  
laboratory s tra in s  o f B .dysetrriae Shiga, a w ell known 
to x ic  stra in  was se lec ted  for the follow ing experiments*
The s tr a in  chosen was B.Dysenterlae Shiga Dean i  and for  
the sake o f  uniform ity th is  stra in  was employed throughout 
the subsequent experimental work*
EXPERIMENT8 .A. P iltr a te s  from a ik a iin e  broth cu ltures  
were prepared in  accordance with 01 i t  sky and K llgler* s 
methods containing the exo-tox ins and Icc and 2cc amounts 
were in jected  intravenously into Rabbits, cleiaLiA^  \
EXPERIMENTS. B. Twenty four hours growth from Roux 
b o t t le s  were washed o f f  « ith  sa lin e and the suspensions 
incubated for two days prior to f i l t r a t io n . The f i l t r a t e  
was heated to 80*0 for one "Hour. According to O litsky and 
K li.gler th is  f i l t r a te  contains ch ie fly  the endo-toxins.
Icc and 2cc amounts were inoculated in  a sim ilar manner to 
Experiment. A.
Observations;-  The animals in jected  with exo tox ins a l l  
died w ith in  four days and showed symptoms o f p a ra ly sis  but 
no diarrhoea. The post-mortem find ings were those note* by 
O litsky  and K llg ler  but in  one rabbit there was some baemorr- 
ha,ge in to  the mucosa o f the caecum. Each animal had a very
-7 -
much distended bladder. Apparently p a ra ly sis  o f  the sphinc­
ter»  was a prominent symptom. The s e r ie s  inocu lated  with 
endo-toxin died with one exception w ith in  four days. No 
marked diarrhoea was noted but the post-mortem revealed  
exten sive in te s t in a l congestion a ffe c tin g  p r in c ip a lly  the 
caecum and ascending colon. The rabbit which survived was 
subsequently inoculated with f i l t r a t e  which had hnh)% heen 
subjected  to 70’ C. for 10 minutes and i t  died w ith in  24 
hours o f w ell marked diarrhoea and p a ra ly tic  symptoms as 
w e ll .
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EXPERIMENTS. C.
Three Rabbits of 1000 grammes, 1500 grammes and 
2050 gramme were fed by the mouth w ith l iv in g  cu ltu res  
o f B .dysenterlae Shiga. The b a c i l l i  were suspended in  
g e la tin e  and eaten on cabbage leaves at le a s t  twice a week 
for over a month. No pathogenic e f fe c t  was observed although 
the doses were estim ated to be 20,000 m illio n s . The animals 
were bled and th e ir  sera te sted  for a g g lu tin in s but the 
r e s u lt  was absolutely  negative in  each case. The rab b its  
a fte r  rece iv in g  th is  oral admini stra ti on o f the l iv in g  
b a c i l l i  were given o .I  milligrammes o f dried Shiga b a c i l l i  
intravenously with le th a l e f fe c t  w ith in  4 days. Table I 
i l lu s t r a t e s  the weight chart o f an animal o f th is  s e r ie s .
Dpy s urdrr oh se rve tj on
16 17,16
21CC
1900
18 GC Æ- 'idh- " 1%1700
1600
CO a
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The object of th ie  experiment was to arrive a t an 
accurate means o f estim ating the Minimal Lethal Dose o f  
the k i l le d  stra in  of shlga ‘b a c i l l i  to "be used in  subsequent 
experim ents. The opacity standards and counting chamber 
standards being l ia b le  to a large margin o f error when 
such minute amounts had to be considered I t  was thought 
advisable to adopt weight In fra ctio n s o f a milligramme as  
a b a s is  for comparison.
Twenty Eoux b o ttle  cu ltiv a tio n s  o f B .dysenterlae shlga  
Lean I . were prepared and a large amount o f thick b a cter ia l 
emulsion in  s te r i le  water obtained. This emulsion was then 
dried by being exposed In vacuo on p etr i capsule l id s  in  a 
d ess lca to r . The dry mass was then f in e ly  powdered in  an agate 
mortar. The powder was heated to 60*C for some hours to 
ensure s t e r i l i t y  and to drive o f f  any remaining m oisture.
10 milligramme amounts were carefu lly  weighed in  the chemi­
ca l balance and stored in  sealed g la ss  tubes for further 
u se. When fraction s o f a milligramme were required for in je c ­
t io n s  e tc . w ell shaken suspensions of 10 milllferammes of 
powder were made in  ICO cos o f s te r i le  normal sa lin e  and
proportionate q u an tities used.
M.L.L. for a rabbit o f approximately 1500 grammes w e i^ t
-1 0 -
was next determined. The Inoculations were Intravenous
and the le th a l  e f fe c t s  determined w ith in  5 days.
Ee sults# #»*#**. .6*.  . . I j . 05 m ill 1 gramme
and .Olmg.doses were le th a l
op
a fte r  a dose .005 milligrammes the animal sur­
vived.
The M.L.L. was taken to he .01 milligramme.
- I I -
BXP-SRBOSNT.E.
The dried powder obtained in  the manner described in  
the proceeding experiment was u t i l i s e d  in  t h is  case, 10 
milligrammes were suspended in  s t e r i le  water and the sus­
pension b o lied  at lOO&C for 2o minutes. A quantity represent* 
ing: .1  mg. was then in jected  intravenously in  a rab b it o f  
1650 grammes. This animal died w ithin  three days. The neuro­
to x in  had apparently not been destroyed at th is  temperature 
as the symptoms were sim ilar to those observed on u t i l i s in g  
the Shiga exo-tox in .
—12<—
EXPERIMENT E.
The object o f  th is  experiment was to in v estig a te  the 
a ctio n  o f acetone on shlga b a c i l l i .
A th ick  emulsion o f the organism was prepared from 
the product o f  ten Eoux b o ttle  cu lt iv a tio n s  on agar,, the 
growth being washed o f f  in  acetone. The emulsion was then 
tran sferred  to a fa t  free ex traction  thimble and th is  was 
placed  In a Soxhlet apparatus and extracted  with acetone 
for 30 hours. This experiment had to be repeated several 
tim es as the acetone used at f i r s t  was found to be impure.
A chem ically pure acetone was f in e ly  obtained and d is t i l l e d  
p rior to use. The extracted b a c i l l i  were examined as fo llow s
1. M lcroscop lcally . Theyewere found to have reta ined  th e ir  
morphological appearance and ch a ra c te r is tic s . They lo s t  none 
o f  the sta in in g  reaction s o f untreated Shiga b a c i l l i ,
2 . S ero lo g ica lly . They were agglutinated  to a sim ilar con­
tr o lle d  t i t r e  by sp e c if ic  a n ti-sera .
S. T o x ic ity . The extracted b a c i l l i  were powdered and weighed 
amounts inoculated Into rabbits Intravenously in  exactly  
the same way as was carried out in  estim ating the M.L.L. of 
dried b a c i l l i .
R esult .01 and- .1 m illigram m es were l e t h a l .  
C on clu sion . No d e to x ic a t io n  had occurred .
- 1 5 -
A su b -leth a l dose of *001 milligramme was then ad­
m inistered  to a rabbit and the rabbit*-* serum te s ted  
p e r io d ic a lly  for the presence o f a g g lu tin in s . A t i t r e  
o f 1/266 was obtained by te s t in g  the serum e ig h t days 
a fte r  Inocu lation . Table 2 i l lu s t r a t e s  the weight chart 
o f  th is  experiment.
In order to find out I f  the acetone had dlssolved^DUt 
any tox ic  fraction  o f the b a cter ia l content, the acetone 
used in  the soxhlet apparatus was poured o f f  and exaporated 
In a clean s te r i le  porcela in  basin . No v is ib le  residue was 
observed. However,the basin  was rinsed  out w ith s t e r i le  
wQter and the f lu id  in jected  into a rab b it. No symptom* 
were observed and the animal was not protected from one 
M.L.L. subsequently injected*
Weight Day s uiid e r gb serve t i  on
2700
2600
2500
2400
2300
2200
2100
2000
1900
1800
1700
\A>V0-VAA^ A^<43\>- ^
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EXPERIMülETS^ G. The action  o f a lk a li and a<id .
In the f i r s t  place an emulsion o f Shiga b a c i l l i  we** 
trea ted  w ith Formal Caustic soda so lu tion  and allowed to 
remain in  contact with the a lk a li for an hour. The emulsion 
was then n eu tra lised  with the re q u is ite  amount o f Mormal 
Hydrochloric acid . This procedure resu lted  in  the produc­
t io n  o f an opaque suspension which showed no sign s o f sed i­
m entation. On adding absolute alcohol in  excess a l ig h t  flaky  
p r e c ip ita te  formed slowly, which gradually f e l l  to the bottom 
and could e a s ily  be separated by c e n tr ifu g a lisa tio n  of the 
suspension. This p rec ip ita te  on being dried and washed formed 
a white powder, which on examination appeared to be formed 
o f  the p a r t ia lly  broken and macerated b a c i l l i .  P ortions o f  
th is  powder equivalent in  weight to One M.L.D., ten M.L.D. 
and twenty M.L.D. were inoculated intravenously in  ra b b its .
Fo le th a l e f f e c t s  were produced and toxic symptoms did not 
appear. A low agglu tination  tifire was obtained in  one animal 
representing  l/lOO a fter  a course o f  three in ocu lation s o f  
.1  mg at weekly in terv a ls . This animal was protected  against 
a dose o f ten times the M.L.D. of dried ühiga, (that i s  .I.Mg)
T hii a lk a li acid  and alcohol method o f  producing a de­
to x ica ted  antigen did not appear to be su ffic ééh tly  s a t is fa c ­
tory for several reasons. The immunity ^g r^oduced was not very
- 1 5 .
great and as at th is  stage o f fhe in v estig a tio n  the author 
wished to produce a serum from the rabb its which would act 
as a high t i t r e  sp e c if ic  agglu tinating  serum the method 
was only usefu l as a preliminary means o f p ro tectin g ,ra b b its  
again st large subsequent in ocu lations o f k i l le d  B .dysenteria  
Shiga cu ltu res. In addition the amount o f absolute alcohol 
employed was found to be excessive and i t  was trouble some 
to recover th is  by d is t i l la t io n .
- 1 6 .
BXPERIMiïIFTS.H.
JSmuleions o f B .dysenteriae Shiga were poured in to  
ex cess  q u a n titie s  o f strong Ammonium hydrate ( The Liq.Ammon. 
f o r t i s .B .# . ) and allowed to remain in  contact for periods  
up to two hours. The so lu tion  was then transferred  to a t a l l  
g la s s  cylinder and bubble s o f  a ir  passed through for some 
hours with the object of driving o f f  a considerable propor­
tio n  o f  the ammonia gas.
The so lu tion  was then neutra lised  with 2o O/O Sulphuric 
a c id . A p rec ip ita te  was immediately produced. The concentra^] c 
tio n  o f Ammonium sulphate in  the supernatant f lu id  was estim ât 
ed to be approximately h a lf  saturation.
- I ? .
I .  3XPRRDI3FT8 WITH TH3 SUPjÎIRFATAFT PLUI3.
The p rec ip ita te  was thrown dtfWn by ce n tr ifu g a lisa tio n  
and the Ammonium Sulphate so lu tion  poured o f f .  Icc was in ­
ocu lated  intravenously in  a rabbit o f  1400 grammes. No 
to x ic  e f f e c t s  were observed although the animal appeared 
to lo se  weight for three days a fter  the in jec tio n , then 
s te a d ily  put on weight.
A central rabbit inoculated with I cc of a sim ilar  
strength  o f Ammonium Sulphate so lu tion  behaved in  sim ilar  
manner.
I t  may therefore be concluded that the supernatant 
f lu id  i s  not tox ic  to rab b its .
-1 8 -
2 .  BXPRRIMiSFTS WITH THE PHBGIPITATE.
The Ammonium sulphate was got r id  o f by washing and 
the p rec ip ita te  dried in  the d esslca to r . The method em­
ployed in  washing was tA thoroughly c e n tr ifu g a lise the 
d ep osit and pour o f f  the supernatant f lu id , then to replace  
t h is  with s t e r i le  normal sa lin e . For the purpose o f animal 
experim entation known weight suspensions were prepared as 
was done in  the method described for the dried Shiga b a c i l l i .  
The morphological ch a ra cter istics  o f the p rec ip ita te  were 
stud ied  m icroscopically  and the time of exposure to the 
Ammonium hydrate noted in  each case. I t  was round that the 
longer the b a c i l l i  were treated  the more macerated they 
became and the le s s  tox ic  their  e f f e c t s  on rab b its .
Rabbits i noculated. 
in travenously .
Milligrammes. 
Doses at 7 day 
in terv a ls  '
T itre of 
Sera on 
24th day.
L eth al, 
do see  
of Shiga 
bac.28th  
day.
R esult
Rabbit 351.
” 352.
t  353. 
!! 354. 
” 355.
o .I .
O.I.
0.26
0.5
1 .0 .
0.2
0 .2
O.b.
I.O
I in  500. 
I-IOOO
lO.M.L.D. 
20 M.L.D.
Surviv­
ed.
Survi V -  
ed.
"niuj c a.
JJj  c Cl.
"ni'Ui OCL.
Sub cutaneously.
* 346. 0.5- I.O 5.0 I-I50 lO.M.L.D. surviv­
ed.
” 347. 0.5 I.O . 5.0 1-50 âo .M.L.D,, survi ve- 
ed.
348. I.O . 2 .0 7.6 I-I50 60 .M.L.D. survi v e { 
ed
** 349. I.O. 2 .5 . 10.0 . I -  60 50 M.L.D.
i
surviv­
ed
” 350 2 .0 5 .0 10.0 1-150. 100 .M.L.D surviv­
ed
Subcutaneous Control
-20-M.Ti.TJ. DiedOO f
The detoxicated  p rec ip ita te  ^vhich was employed in  the ex­
periments noted in  th is  table had been produced from b a c i l l i  
trea ted  with Ammonium hydrate for two nours#
-1 9 »
On review ing the observations made on th is  s e r ie s  o f  
animal experiments the following conclusions can be made*
The Ammonia method of treatin g  B .dysenteriae Shiga has 
considerably lessened the to x ic ity  o f the b a cter ia l sub­
stance towards rabb its. Animals may be immunised by u t il is in g ;  
these treated  b a c i l l i  as a vaccine.
A gglutin ins appear in  the serum o f these iimmunised 
animals which are s t i l l  sp ec if ic  for the unaltered B.dysen­
te r ia e  Shiga but the t i t r e s  obtained are comparatively low.
There i s  no lo ca l or general reaction  o f a severe nature 
on inocu lating  subcutaneously, q u an tities  which i f  they con­
s is t e d  of the ordinary d^ied k il le d  b a c i l l i  would represent 
200 times the le th a l dose for subcutaneous in jection *
After a course of three doses o f the vaccine rab b its  
are found to be protected against many times the le th a l  
dose o f B .dysenteriae Shiga.
-2 0 -
EXP.HÎEIMJj)HTS,Tt.
In order to estim ate the degree o f immunity conferred  
on the animals u t i l is e d  in  the la s t  experiment the s e r ie s  
of ra b b its  were bled prior to th eir  rece iv in g  the Lethal 
do se s  rof ordinary dried b a c i l l i .
The serum thus obtained was pooled and preserved in  
0 .5  ^/.Phenol sa lin e the d ilu tion  being I in  2.
To th is  pooled serum was added varying amounts o f  
ordinary untreated dried Shiga b a c il l i  in  saline, suspension  
The mixture was then incubated at 37*C. and intravenous 
in o cu la tio n s carried out in  rabb its as undernoted.
364. ÎCC pooled serum and .#mg, 3
of 3hjg& l ed 11? - 200 '-'.T. .D *0
365. Icc pooled serum and .4mg
of Shiga b a c i l l i  - 400 M.L,
D.
366. Icc pooled serum and 1.8 mg
of Shiga b a c ill i-8 0 0  M.L.D.
n 4 th day#
Died
Died.
Remarks:- The above te s t  was probably too severe and the 
a n t i- to x ic  value of the serum although high was about 
s u f f ic ie n t  to neu tralise 100 M.L.D.
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E xperim ents  J.
The A n tifo rm in  method o f  t r e a t i n g  B .d y s e n t e r ia e  S h ig a
S in c e  perform in g  th e  experim ents  a lr e a d y  d e s c r ib e d  a  r e f e r e n c e  
t o  a n o n - t o x ic  d y se n te r y  a n t ig e n  was n oted  in  a p ap er  by  
J o t t e n ,  Z e i t s c h r .  fu r  I im iiu n ita tsforsch , . 1 9 2 0 , 2 9 ,
This worker d e t o x ic a t e s  S h iga  b a c i l l i  by t r e a t i n g  them 
w it h  a n t i fo r m in  s o l u t i o n  in  d i l u t e  c o n c e n t r a t io n s .  He s t a t e s  
t h a t  i f  a 24 h r s .  growth o f  B ,dys Sh iga  on an agar p l a t e  be 
t r e a t e d  w ith  2 ccs  o f  a 4 . / .  a n t ifo r m in  s o l u t i o n  th e  b a c i l l i  
are  k i l l e d  and d e to x ic a te d  in  about s i x t y  s e c o n d s .  The procedure  
su b seq u en t  to  the a n t ifo r m in  treatm ent i s  to  n e u t r a l i s e  by the  
a d d i t i o n  o f  10 per cen t  S u lp h u r ic  a c id  and th en  d e c h o lo r in a te  
th e  r e s u l t a n t  s o lu t i o n  w ith  t e n  per cen t  Sodium s u l p h i t e .
The b a c i l l i  t r e a te d  in  t h i s  manner produce a s o l u t i o n  which  
may be i n j e c t e d  in  I c c .  d oses  w ith  out producing  any t o x i c  
e f f e c t  in  r a b b i t s . 7
In  ord er  to  compare the p r o p e r t ie s  o f  the a n t ig e n  produced i n  
t h i s  manner J o t te n s  methods were fo l lo w e d  as d e sc r ib e d  a b o v e .
The a n t i fo r m in  s o lu t i o n  used  waa f r e s h l y  prepared a c c o r d in g  
to  Rosenau as eq u a l p a r ts  o f  l i q #  S o d . c h lp r in a ta e  and a 15 . / .  
s o l u t i o n  o f  C a u st ic  soda { v i d e .  H iss  and Z in s se r  .  Text book o f  
B a c t e r i o l o g y )  . The b a c i l l i  were a llo w ed  to
-2 2 -
r e m a in  i n  c o n t a c t  w i th  a 4»/* s o l u t i o n  f o r  f i v e  m in u te s .
The so lu tion  was then neutralised  with the 10*/. Sulphuric 
a c i d  to neutral point for litm us. D echlorination was effected  
with 1 0 * / .Sodium sulphite u n til no free Chlorine was demon­
strab le  by the ^tarchwiodine t e s t .  Icc o f th is  so lu tion  was 
g iven to a  rabbit intravenously with a fa ta l r e su lt  in  three 
days.
Eor the purpose of comparison with the detoxicated  
Shiga antigen produced by the methods given in  experiments 
G and H. The antiformin b a c i l l i  were made up in  opacity  
suspensions corresponding to 0 .1 milligramme per cc and
0 .2  milligramme per cc.
Rabbit 559 received .Img intravenously.
Rabbit 360 received .2m g.intravenously, 
both rab b its aied w ithin four days a fter  rapid lo s e  o f  
w eight. The symptoms were sim ilar to those p*rduced by the 
ordinary untreated b a c illi*  The post-mortem find i#gs were, 
considerable congestion of the gut around the i l e o - caecal 
valve and the presence of minute haemorra.ges. The contents 
o f  the bowel were liq u id . The l iv e r  was congested. The blad­
der was not distended. The general appearances were those 
n o ticed  in  the animals k ille d  by fhe so ca lled  endo-toxin.
The conclusion that; may be made from th is  experiment 
seems to be that the antiformin i s  mot such a powerful 
d etox ica tin g  agent as el tber normal Caustic soda or Ammonia.
—23—
I t s  action  as used by Jotten apparently depends simply on 
the strength a lk a li present and th is  i s  not strong ; enough 
to act in  the short time he describes using a 4 » /. so lu tio n . 
The antiform in method does not o ffer  any advantage over the 
simple a lk a li acid procedure
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SlEMAKy & GEHERAL UOHCLUSIOHS.
1 , The observation® of Oliteky and K lig ler  have beenin  
the main confirmed^although i t  ha® been found almost im­
p o ss ib le  to produce "endo-toxin" without at same time having 
present a considerable quantity o f the neuro-toxin or " e w -  
tox i n".
2 , Although two d efin ite  toxins for animals may be pro­
duced by Bhiga b a c i l l i . There i s  considerable evidence that 
the neuro-toxin or "exo-toxin" has a secondary action  on the 
in te s t in e  through the in i t ia l  in h ib itio n  o f p e r is ta ls is  
p rior to the passing of mucus or desquamated e p ith e lia l  de­
b r is .  The animal usually d ies before the e f fe c t  on the in ­
te s t in e  becomes ch a ra cter istic .
5 . The oral admi ni s tra ti on o f  l iv in g  shiga b a c i l l i  to 
ra b b its  does not produce dysentery or any demonstrable 
se ro lo g ica l reaction .
4 . The to x ic ity  o f uhe b acteria l substance o f cried  Shiga 
b a c i l l i  i s  not lessened by the treatment with Acetone or 
the subjection  to 100*C. for 20 minutes.
5 . The various means o f producing a detoxicated antigen  
from the b a cter ia l substance appear to depend on the prin­
c ip le  o f macerating the ba,cillus with a strong a lk a li then 
to n eu tra lise  the so lu tion  and to u t i l i s e  the resu ltan t
-2 5 -
p r e c ip ita te  o f le s s  tox ic  b a cter ia l substance,
6 . The d etox ication  i s  only r e la t iv e  but i t  affords a means 
o f  producing a vaccine which i s  u sefu l in  commenting the 
a c tiv e  immunisation o f animals. The intradermal reaction  with  
th is  vaccine i s  not severe and large subcutaneous doses can 
be given wi thout lo c a l reaction .
—26—
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Appendix.
A more d eta iled  account o f the preparation o f the tox ic  
so lu tio n  derived from B .dysenteriae Shiga which i s  regarded  
as an exo-tox in  by 01 itsky and K lig ler .
A nutrient peptone broth was prepared and the reaction  
adjusted to P .h .7 .8 on the Hydrog’enion scale by the c o lo r i­
m etric method using Sorensens tubes. A 500 cc amount o f th is  
broth was s t e r i l is e d  and inoculated with B .dysenteriae Shiga 
D e a n .I .. The cu ltiv a tio n  was carried out tor ten days at 37*0 
The fla sk  being w ell shaken from time to tim e. At the end of  
the incubation period the culture was f i l t e r e d  through a 
Berkfeld candle by means of the apparatus i l lu s tr a te d  in  p ig .
4-
The clear f i l t r a t e  was then tested  
for s t e r i l i t y  and subsequently heated  
to 70*0 for 20 minutes.
T h e ^ ^ S ^ -t io n  of the tox ic  so lu tion  which i s  regarded 
by 01 i t  sky and Klifelôr as consisting  ch ie fly  o f endo-toxin.
—28—
Pour Roux b o tt le s  containing s t e r i l is e d  nutrient 
agar agar were inoculated with minimal q u a n titie s  of  
a broth culture of B. dysenterios Shiga Beam I and incubated 
in  a flask  at 37*C, for 2 days. The resu ltan t "emulsion" 
the b a c i l l i  presumably having undergone some degree o f auto­
l y s i s ,  was then f ilte r e d  through a Berk f ie ld  B. candle in  a 
sim ilar manner to the procedure for the broth f i l t r a t e .
The f i l t r a t e  from th is  experiment was heated to 80*C. 
for one hour as Sendo-toxin" i s  supposed to be more thermo 
stab le  than "exo-toxin" and i t  i s  quite p o ssib le  that there 
i s  a large fraction  of. iwso-toxin" present in  th is  la t t e r  
f i l t r a t e  as w ell as "endo-toxin" (always allowing that i t  
be presumed that two separable toxins are elaborated by 
Shiga b a c i l l i )
-29 -
Animal Experiments i l lu s tr a t in g  the action  o f the two P il-  
t r a te s  the preparation of which has been described.
I .  The Broth culture filtra te ." ex o -to x in "
Rabbit 326. Weight 2000 grajnmes.
Method. Intravenous.
Amount. 2ccs o f f i l t r a t e  (heated 70*C. for 2o min.) 
Observations. Animal rapidly lo s t  weight 200 grammes in  two 
d'-y". days. P ara lysis was o f rapid onset on the th ird
day a^ter inoculation  and the animal died sud­
denly. There were no symptoms o f diarrhoea. 
Autopsy. Bo d istension  of abdomen, ohe in te s t in e s  appear­
ed una.ffected except for a very few patches o f  
s lig h t haemarrhhgg^lnto the mucosa o f the large 
bowel. The in te s t in a l contents were w ell formed 
The bladder was much distended with urine.The 
l iv e r  and other abdominal organs appeared 
healthy. The suprarenals were examined h is to ­
lo g ic a lly  but no pathological change wàs noted. 
The spinal cord was exposed and found to be hy- 
peraemic and somewhat oedematous p a rticu la r ly  
in  the lumbar region.
R abb it.328. Weight 2450 grammes.
Me tho d. I ntrave nous.
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Amount. Icc o f  f i l t r a t e  a s  above.
O bservations. The weight was not a ffected  t i l l  two days
a fter  inocu lation  when there was a drop of  
50 grammes and the onset of p a ra ly s is . Death
took place three days a fter  the in ocu lation
Bo diarrhoea or signs o f loose motions were 
noted.
Autopsy. The appearances are those noted for Rabbit 326
But the in te s t in e s  in  the neighbourhood o f the 
caecum are more in jected  in  appearance. There 
is-n o  d efin ite  le s io n  o f the mucosa or marked 
haemorrhage. The suprarenal glands appear to 
be s lig h t ly  enlarged. The urinary bladder i s  
distended with urine. The brain i s  softened  
and fr ia b le . There are a lso  v is ib le  haemorr­
hages in to  the gray matter o f  the sp in a l cord.
Weight Chert o f Rabbit No. 327
Days under observationWeight
2300
2100
2000
1900
1800
1700
1600
\
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2 . The f i l t e r e d  incubated sa lin e  suspension "endo-toxin"
Rabbit 327.
Method#
Amount
Ob©ervationa
Observations
Autopsy.
Weight 2100 grammes#
I ntrave no u s ly  #
2ccs o f  th is  f i l t r a t e  heated to 80*0 for I#hr# 
The animal rap id ly  lo s t  weight for the f i r s t  
four days and' then slowly commenced to regain  
i t s  former weight during the next ten days. 
There was no actual diarrhoea but the rabbit* s 
motions appeared to be covered w ith a th in  
eus l ik e  discharge# seventeen days a fte r  the 
f i r s t  dose the rabbit received  a second in ­
travenous in ocu la tion  co n sis tin g  o f ------------
2ccs o f  the f i l t r a t e  not heated to 80*0#
The animal developed p a ra ly s is  w ith in  12 hours 
and commenced to pass diarrhoea] motions# The 
rabbit died w ithin 15 hours.
The large in te s t in e  and caecum exh ib ited  ex­
ten sive le s io n s  o f mucosa. The congestion  and 
haemorrhage were very marked a l l  over the 
Q e^cum and for a d istance o f s ix  inches above 
the i le o  caecal v a lv e . The ui?inary bladder was 
not distended. The small bowel appeared d is ­
tended with gas# The sp inal cord and brain  
did not appear to be ex ten s iv e ly  affected#
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2 . The "endo-toxin" experiments continued.
Rahh11 • 329. We1ght 2000 gramme e#
Method Intravenously#
Amount# Icc o f  the f i l t r a t e  heated to 80*G# for 20 min,
O bservations# Rapid lo s s  o f weight.Animal died w ith in  twodâyj
Ko diarrhoea observed. Prior to death the ani*' 
mal lo s t  the power o f i t s  lim bs and simply 
collapsed#
Autopsy# The caecum shows signs o f desquamation o f the
mucosa and s l i g h t  haemorrhage. On washing che
bowel the desquamated p ortion  i s  washed o f f  
and the w all appears thinued. The urinary  
bladder i s  distended and in je c ted  with d is ­
tended veins# The w a lls  appear inflam ed. There 
i s  no pus in  the u rin e. The central nervous 
system i s  a ffe c te d  as in  the rab b its inoculate^ 
w ith the broth f i lt r a te #
OOO'
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